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® Phospholipid derivatives. 
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1^® Pliosphoiipid derivatives having two phospiiatJdyl residues In tfie molecule - wiiici) derivatives except for 
dipliosphatidylgiycerol are new compounds - are produced from a starting material phospholipid derivative by 
l^transphosphatidylation. In this method, a phospholipid derivative 0) represented by the formula 
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is reacted with a chain polyhydric alcohol represented by the formula 

CH-OH 
I ^ 

R- ... <II) 

1^ 

CH^OH 

in the presence of a phosphofipase D having a transphosphatidylation activity (EC 3.1.4.4), thereby 
extracting a phospholipid derivative represented by the following formula from the reaction mixture 



i ^ ^ I 
R-OCH 0 R, 

CH2O-P-O-CH2 



CH-,-0-P-OCH- 



0 HCQR. 



ClII) 



CH^OR^ 



In the formulas. Ri and Rz represent acyl groups or aikyi groups. R3 represents an alkylene group (proviso, 
hydrogen atom may be substituted with a hydroxyl group, an alkoxyl group, a hydroxyalkyl group or the 
lite), and X represents the organic residue remaining after the removal of one hydroxyl group of a 
compound containing hydroxy! group. 
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PHOSPHOUPIO OERIVAtlVES 



BACKGROUND OF THE INVENTION 



5 The present Invention relates generally to a method of producing phospholipid derivatives. 

Utilizing their surface activity and physiological activity, known ledthlns such as soybean ledthln and 
egg yolk lecithin have been widely used In the manufacture of foods, cosmetics, paints, lubricants, magnetic 
materials, animal feeds and agricultural chemicals, whereas new phdsphollptd derivatives produced by 
causing enzymes having a transphosphatldyiation action to act on phospholipid derivatives and compounds 

10 containing hydroxyl group are useful substances having advantageous properties over the raw material 
phospholipid derivatives in many cases. Therefore, the invention relatas .to a method of producing a new 
phospholipid derivative having two phosphatidyl groups from a known raw material phospholipid derivative 
by the transphophatidylatlon reaction. 

IS 

Description of the Prior Art 



Diphosphatidylglycdrol (also called as cardlollpin) is known as a phospholipid derivative having two 
20 phosphatidyl groups in. a molecule. This phospholipid derivative Is widely distributed in the field of ai^mals, 
plants and bacteria and therefore the usual practice to obtain this phosphoHpld derivative has been to 
extract it from a natural substance containing tills phosphollpki derivative, such as. the heart muscle or 
cerebrum of catUe or tiie cell of corynebacterium or brsvibacteriumJ However, this, method has been 
disadvantageous in that no matter what raw material Is used, its content of the desired phospholipid 
25 derivative is- not so high that Isolating die desired substance from the extract Is very tedious. Also, tills 
method has never been a means of mass- production due to a limitation to the amount of raw material 
supply. Also, there has been known a mettiod in which one rriolecule of disphosphatidylglycerol Is produced 
from two molecules of phosphatidylglycerol by utilizing the transphosphatidylation activity of a 
phospholipase D (Biochim. Blophys. Acta, 210, 350, 1970) and this method Is restricted from the standpoint 
30 of raw material In tfiat tfiere is no reliable source of phosphatidylglycerol. In any way. excepting the 
dlphosphatidylglycerol, tfiere has been known no phospholipid derivative having two phospiiatidyl residues 
and also tfiere has been established no method for synthesizing as occasion demands any phospholipid 
derivative of tiiis type otiier tfian ttie dlphosphatidylglycerol. 

35 

SUMMARY OF THE INVENTION 



It is flierefore an object of tiie present Invention to provide a method of producing a phospholipid 
<o derivative having two phosphatidyl residues by using a readily available, inexpensive phospholipid derivative 
as a starting material. 

It is anotiier obiect of the invention to provide such method of producing "phosphollpki derivatives 
having two phosphatidyl residues" otfier tfian tfie dlphosphatidylglycerol, tfiereby making It possible to 
utilize new phospholipid derivatives. 
45 The production metfiod of ttie Invention succeeding In accomplishing the above objects has a feature 
tfiat tiie phospholipid derivative given by die following general fpnmula (I) and tiie chain polyhydric alcohol 
given by following general fomiula (II) are reacted In the presence of a phospholipase D having a 
transphosphatidylation activity (EC 3.1.4.4) to obtain tiie phospholipid derivative given by tiie following 
general fomiula (III) from the reaction mixture. 

so 
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CH.OR- CH.OH 

I 1 I 2 

RgOCH 0 ... <I) R ... (II) 

II r . 

CH-O-P-O-X CH.OH 

L 2 

0 

o" 

I 

CH-OR. CH.-O-P-OCH- 
R2OCH 0 R3 0 HCOR2 ... (Ill) 

CHjO-P-O-CHj CHjOR^ 
0" 

2Q In the formulas. Ri and H2 represent acyl groups or aikyi groups, represents an alkylene group 
(proviso, hydrogen atom may be substituted with, for example, a hydroxyl group, an aikoxyl group or a 
hydroxyalkyl group), and X represents an organic residue remaining after the removal of one hydroxyl 
group of a compound containing hydroxyl group. 

The symbols in the present formulae can represent generally those values they have in the specific 

25 compounds of these formulae which are identified herein. The acyl group can be an alkanoyl group. The 
alkyl, alkylene. aikoxy .hydroxyalkyl or alkanoyl group can contain 1-6, for instance 1-4. carbon atoms. 

The present method enables the new phospholipid derivatives of formula (III) to be otitained. Accord- 
ingly, the invention provides these new compounds ger se, I^. the phospholipid derivatives of formula (IK) 
other than diphosphatidylgiycerol. 

30 

DESCRIPTION OF THE INVENTION 



After the occurrence of the above enzyme reaction, the reaction mixture also includes the compound of 
the following general formula (IV) in which one phosphatidyl group of the phospholipid derivative of the 
general formula (I) has been transferred to the polyhydric alcohol of the general formula (II). and therefore in 
the production method of the invention the reaction for producing the desired phospholipid derivative (III) Is 
considered to consist In two stages of transphosphatidylation reactions, that is, the compound of the general 
fbrmula (IV) is first formed and then the second transphosphatidylation Is caused In which the resulting 
compound having an aicohoUc hydroxyl group at the molecular terminal serves as a phosphatidyl residua 



CH-OR. CH-OH 
I 2 1 ,2 
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^1 II 1^ 
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50 0 

With the well-known transphosphatidylation which produces a new phospholipid derivative having a 
single phosphatidyl group from a phospholipid derivative of the general formula (I) type and a hydroxyl 
group-bearing compound, It Is the usual practice to effect the reaction by using the compound containing 
55 hydroxyl group in a much excessive amount of over 100 times the moles of the phospholipid derivative In 
order to push an equilibrium towards the formation of a phospholipid derivative (111) and suppress the 
hydrolysis reaction. In accordance with the production method of the invention which produces a 
phospholipid derivative having two phosphatidyl residues by the abovementioned two-stage transfer 
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reaction, any excessive amount of the compound containing hydroxyl group orthe 'polyhydric alcohol of the 
general formula (IJ) must be limited. The reason for this Is considered to reside In that In addition to the 
second transphosphatidylaaon, there can be caused the following bsSanded reaction' in which the pdyhydrte 
alcohol of the general formula (II) participates and therefom the production of the phosphoflpld derivative 
5 (111) Is suppressed with Increase in the amount of the polyhyddc alcohol (11). * 
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The raw material phospholipid derivative (0 and the polyhydric ateohol (II) for the production of the 
phospholipid derivative (111) according to the production method of IWs Invention are to be selected In 
dependence on the structure of the desired substance and are not pferllcuiariY limited. However, spedfic 
examples of suitable materials for use may be cited as foflows. The raW m^rial phospholipid derivative (I) 
may be soybean letithin. egg yolk lecithin, rape^ed lecithin, fractionated lecithin of any of these natural 
lecithins, synthetic phospholipid derivative or the fike. and the polyhydric alcohol 01) may be glycerin, 
erfthritol. adonltol, mannllol, sorbitol, sedoheptytol. 2-hydnoxymethyl-l , 3-propariedIoI, etc. 

While the phospholipase D used for causing the transphosphaHdylation may be any of those derived 
from animals, plants and microorganisms, one derived finom any microorganism, particularty one derived 
from an actinomycete is most excellent from the standpoint of activity and economy and It Is a suitable 
enzyme for. use in the production method of the invention. 

A typical reaction method for causing the two-stage transphosphatfdylatlon from the previously men- 
tioned raw material Is as follows. 

After the raw material phospholipid derivative (I) has been suspended In water, the polyhydric alcohol 
(II) IS added and then a phospholipase D and a calcium Ion for activating It (causing the phospholipase D to 
exhibit a transphosphatidylation activity) are added thereby perfbmiirig an incubation. The addition amount 
of the polyhydric alcohol (II) should preferably be less than 50 times the moles of the phospholipid 
denvative for the reasons mentioned previously and usually a suitable one is from 2 to 40 times. The 
phosphofipid derivative concentration can be selected as desired provided that the suspension can be 
agitated. The calcium ion concentration is selected from 1 to 100 mM and preferably from 4 to 30 mM. The 
reaction temperature and pH are detemiined In accordance with \he characteristics of tiie enzyme used. ' 
Where tiie phospholipase D derived from a streptomyces is used, a preferred temperature is between 20 
and 60«C (more preferably 35 to SO-C) and a suitable pH is over 4 (more preferably 5 to 8,4). 

In addition a small amount of organic solvent can be added to the reaction system to facilitate the 
dispersion of tiie phospholipid derivative and active phospholipase D tfiereby to Increase tfie reaction 
efficiency. Effective organic solvents include etiiyl acetate, n-propyl n-propionate. 4.hoplanone, Isobutyl 
ketone, pentane, hexane. benzene, xylene, chloroform .etc However, if ttie addition of such organic splvent 
is increased excessively, ttie second-stage transphosphatidylation tfends to become difficult to occur 
although the first-stage transphosphatidylation is accelerated. In tiie case of ethyl acetate, for example' 
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while the addition of 1 to 2 % (v/v) produces a good result, the addition of over about 6 % {v/v) results in a 
decrease yield of the product 

To- extract the desired phospholipid derivative (ill) from the reaction mixture, any given separation and 
purification means such as the solvent separation method employing acetone, ethanol or the like, the 

5 column chromatography employing silica ge)« alumina gei. reverse phase carrier or the like or the thin layer 
chromatography may be applied 

In accordance with the present invention, a phospholipid derivative having two phosphatidyl residues 
can be easily produced by single and simple but efficient procedures by using phospholipid derivative 
available easily and inexpensively as a raw material. While, as a method of producing a phospholipid 

10 derivative having two phosphatidyl residues, the method of synthesizing such tedthin from two molecules of 
phosphat'dylglycerol by the enzyme reaction has been available only for cardiolipin, the raw material 
phosphatidylglycerol has not been easily available and in fact the method has had to start from the 
synthesis of phosphatidylglycerol. Thus, the present invention has very great ubTity in that it provides a 
general and simple production method thus making it possible to synthe^ze a targe number of new 

15 phosphofip'd derivatives. 

EXAMPLES 



The present invention wilt now be described in greater detail by way of the following examples. 
Example 1 

25 

A mixture of 1 to 20 mg of a polyhydric alcohol of the general formula (II), 20 jil 20 mM of 20 mM 
acetate buffer (pH 5.5), 1 ul of 500 mM CaClz solution. 5 ul of ethyl acetate. 5 ul of an enzyme solution 
containing 0.24 units of actinomycete-derived phosphoiipase D and 2 mg of a commercial soybean lecithin 
30 (Untmllls Inc.) containing 80 % (w/w) of phosphatidylcholine was incubated 50 for 60 minutes while 
shakoig the reaction mixture. After the reaction had been completed, the desired substance was extracted 
with chloroform/methanol (2/1) and then the extract was developed by a sllica-gel thin layer chromatog- 
raphy. A phosphorus detecting reagent was sprayed to the developed extract thereby subjecting it ta 
quantitative analysis. 

3S The following Table 1 shows the results (percentages of the products and unreacted phosphatidyl- 
choline) obtained by using, as the polyhydric alcohol (II). glycerinrerythritol, sortsitol and mannitol. 
respectively, in the same exemplary cases as Example 1. 
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Bcampl9 2 

5 

To a suspension containing 2.7 g of the same soybean ledthin (Unimills Inc.) as used in Example 1 and 
240 ml of water, 60 ml of glycerin. 160 ml of 50 mM CaCIa solution, 265 ml of 20 mM acetate buffer (pH 
5.5) and 5 ml of an enzyme solution containing 24 units of actinomyceteHjerived phosphofipase D were 

70 added. Then» 10 ml of ethyl acetate was added and the mixture was reacted at 50 ''C for 60 minutes while 
shaking it thereby producing 902 mg of cardiolipin. When the reaction was effected in ali the same manner 
except the addition of no ethyl acetate, the yield of cardiolipin was 695 mg. Example 3 

1470 ul of 50 mM CaCfe solution, 3897 uU of 20 mM acetate buffer (pH 5.5), 441 ul of glycerin and 73 
(iJ of an enzyme solution containing 0.35 units of actlnomycete«derived phospholipase 0 were added to 

75 1470 jil of aqueous suspension containing 20 mg of a synthetic lecithin or dipalmitoyl phosphatidylcholine 
(Sigma Inc.) and were reacted at 45 for 2 hours while agitating the mixture. Then, the desired substance 
was extracted with chloroform-methanol (2/1) and the extract was separated by a silica-gel thin layer 
chromatography. Thereafter, the spots of tiie desired tetrapamiltoyi diphosphatidylglycerol were scraped off 
and the extract liquid was vaporized and dried up, thereby producing 6 mg of the desired phospholipid 

20 derivative. 



Claims 

25 1. A method of producing a phospholipid derivative having two phosphatidyl residues in a molecule 
comprising the steps of: 

reacting at least one phospholipid derivative represented by the following general formula (1) witii at 
least one polyhydric alcohol represented by the following general formula (ii) In the presence of 
phospholipase D having a trahsphosphatldytatfon activity; and 
ao extracting a phospholipid derivative represented by the following general formula (III) from said reaction 
mixture: 
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CHpOR. CH.OH 
RgOCH 0 ... (I) ... (II) 



I s 



CHjO-P-O-X CHjOH 



CH,OR- CH-,-O-P-0CH- 

I ^ ' I ^ I I ^ 
R-,0CH 0 R- 0 HCOR, ... (HI) 

CHjO-P-O-CH^ CHjOR^ 



where Ri and Rz represent acyl or alkyl group, Ra represents an alkylene group (a hydrogen atom is 
substitutable with a hydroxyl, aikoxyl. hydroxyalkyi group or tiie like), and X represents an organic residue 
remaining after Uie removal of one hydroxyl group of a compound containing hydroxyl group. 

2. A method according to claim 1, wherein said at least one phospholipid derivative (1) comprises a 
phospholipid derivative selected from a group consisting of natural lecithins such as soybean lecithin, egg 
yolk ledtiiin and rape-seed ledthin. phospholipid derivatives fractionated from said natural lecitiiins and 
synthetic phospholipid derivatives. 
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3. A method according to claim 1, wherein said at least one polyhydrfc alcoliol (II) comprises a 
^bstanca selected from a group consisting of glycerin, erithritol. adonitol. mannitDl, sorbitol, sedoheptytol 
2-hydroxymethyH and 3-propanedlol. 

4. A method of producing a phospholipid derivative having two phosphatidyl residues In Its molecule. 
5 which method comprises reacting a phosphoUpid derivative of formula (I): 

CH^OH, 

io R-uCH 0 

I II 

CH 0,p,0-X 

L 

0 



/5 



with a polyhydrfc alcohol of formula (II): 



CHgOH 

R3 (ID 
CH^OH 



^ L" °^ phospholipase D having transphosphatidylation activity, to produce a phospholipid 

denvative of formula (III): ^ 
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CH OR CH.-O-P-OCH^ 
I I Jl I 



RgOCH 0 R^ HCOR2 (III) 



0 



40 where are the same or dffferent and represent an acyl or alkyl group. R3 represents an alkylene 

group optionally bearing a substituent and X represents an organic residue remaining after the removal of 
one hydroxyl group from a compound containing the hydroxy! group. 

5 A method according to claim 4 wherein the optional substituent Which R3 bears Is a hydroxyl alkoxv 
or hydroxyalkyi group. y>. aimj^y 

46 6. A mettiod according to claim 4 or 5 wherein the phospholipid derivative (I) is a natural lecithin (for 
instance soybean lecftWn. egg yolk lecithin or rape-seed lecithin), a phospholipid derivative fractionated 
from said natural fecltiiin, or a syntfietic phosphoflpld derivative. 

7. A metiiod according to any one of claims 4^ wherein tiie polyhydric alcohol (II) Is selected from the 
group consisting of glycenn. eryttiritol. adonftol. mannitol. sortitbl. sedoheptytol, and 2-hydroxymetiivl-1 3- 

so propanediol. / j r 

diphUaJdXl"^^^^^ '"'^ " P"^^'^"^ 

Tnh.^" fj^^°fP'^ derivative according to claim 8 which is a phosphoflpid derivative (110 refen-ed to in 
Table t of Example 1 herein, however ttiat derivative is produced. 
56 10. TetrapalmitoyI diphosphatidylglycerol. 
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